Objective: The reprogramming of cardiac fibroblasts into induced cardiomyocytelike cells improves ventricular function in myocardial infarction models. Only integrating persistent expression vectors have thus far been used to induce reprogramming, potentially limiting its clinical applicability. We therefore tested the reprogramming potential of nonintegrating, acute expression adenoviral (Ad) vectors.
Cellular reprogramming represents a promising new potential treatment for cardiac failure, offering the possibility of regenerating myocardium from postinfarct scar tissue through the in situ conversion of (infarct-zone) fibroblasts into (induced) cardiomyocyte-like cells (iCMs). [1] [2] [3] [4] [5] [6] [7] The premise for such cellular ''transdifferentiation'' was inspired by Takahashi and Yamanaka's 8 induced pluripotent stem (iPS) cell studies but using instead a variety of (cardio) differentiating transcription factors and/or other agents to directly generate iCMs without iPS staging. [1] [2] [3] [4] [5] [6] [7] [9] [10] [11] [12] [13] [14] [15] After encouraging initial in vitro efforts, a number of groups, including our own, have demonstrated the efficacy of such transdifferentiation strategies in producing clinically relevant improvements in postinfarct ventricular function. 2, [16] [17] [18] [19] [20] The chronic expression (ie, retrovirus and lentivirus) gene transfer vectors used thus far to induce cellular reprogramming all integrate genes into host genomes, thereby posing potentially significant risks of mutagenesis that would limit their clinical applicability. 21, 22 Given that only a limited duration of transdifferentiating gene expression appears to be required to induce iPS and iCM generation, 1, 23 we hypothesized that (nonintegrating)
acute expression vectors such as adenovirus (Ad) might represent an alternative, more clinically relevant cellular reprogramming vector. We consequently assessed the efficacy of Ad versus lentivirus vectors encoding Gata4, Mef2c, and Tbx5 to transdifferentiate cardiac fibroblasts into iCMs and thereby improve cardiac function in postinfarct models. Our findings provide suggest that reprogramming factors need be expressed only transiently to induce cellular reprogramming. Intriguingly, these data counter the long-held belief that Ad-infected cells are subject to immune-mediated cytolysis that would otherwise invalidate the option of an Ad-based cellular reprogramming strategy.
24,25

METHODS
Vectors and Cells
A replication-deficient Ad vector expressing all 3 major isoforms of vascular endothelial growth factor (121, 165, and 189) was used to induce vascularization of infarcted myocardial tissues, as previously described. 16, 26 Lentivirus vectors encoding Gata4 (G), Mef2c (M), Tbx5 (T), or green fluorescent protein (LentiGFP) as well as an analogous Ad vector expressing GFP (AdGFP) were likewise prepared as previously described. 16 Ad vectors expressing the G, M, and T transcription factors were prepared by the Belfer Gene Therapy Core Facility at Weill Cornell Medical College (New York, NY). To summarize in brief, the G, M, and T transcription factor cDNA sequences were cloned as single constructs into Ad vectors to originate the AdGATA4, AdTbx5, and AdMef2c vectors, respectively ( Figure E1 ). An analogous construct with an expression cassette without translatable sequence (adenoviral vector that does not encode a transgene, or AdNull) was used as a control vector. Ad vectors were produced by propagation in HEK293 T cells, as previously described. 27 For in vitro studies, adult cardiac fibroblasts were harvested from 8-to 10-week-old male Sprague-Dawley rats (Harlan Sprague-Dawley Inc, Indianapolis, Ind) by the use of standard cell isolation protocols 28 that were approved by the Baylor College of Medicine Institutional Animal Care and Use Committee (Houston, Tex). All animals received humane care in compliance with the Guide for the Care and Use of Laboratory Animals. The cells were then seeded onto a 10-cm dish with a total of 1 3 10 6 cells for fluorescence-activated cell sorting (FACS) analysis, a 6-well dish with a total of 1 3 10 5 cells/well for Western analysis, and onto a 24-well dish with a total of 1 3 10 4 cells/well for immunofluorescence studies.
In Vitro Studies
Rat cardiac fibroblasts were transduced with the aforementioned Ad or lentivirus vectors (1 3 10 9 particle unit [pu] or 1 3 10 5 transducing unit [TU], respectively) in culture for 48 hours in the presence of 1 mg/mL polybrene (EMD Millipore, Billerica, Mass). The cells were then treated with fresh media and allowed to transdifferentiate in a tissue culture incubator for 14 days. For immunofluorescence studies, these cells were blocked with 10% goat serum (Santa Cruz Biotechnology, Santa Cruz, Calif) followed by treatment of 5% goat serum plus primary antibodies against cardiac troponin T (cTnT; Abcam) or a-sarcomeric actinin (Abcam). Primary antibodies were labeled with fluorescent secondary (647 nm, Alexa Fluor; Invitrogen, Waltham, Mass), and fluorescence was visualized with a Ti-S inverted phase/fluorescent microscope with an SPOT cooled 2.0-megapixel digital microscope camera system (Nikon, Tokyo, Japan).
For FACS analysis, cells treated with the vectors described previously were washed with phosphate-buffered saline. The cells were then detached by Gibco trypsin-EDTA (0.05%; ThermoFisher Scientific, Waltham, Mass), pelleted, and permeabilized with 0.1% saponin for 10 minutes at 
Ad Persistence Study in Normal Adult Rat
Eight-to ten-week-old adult male Sprague-Dawley rats (Harlan) were sedated, intubated, and connected to a ventilator as previously described. 16 AdGFP (1 3 10 9 pu) or LentiGFP (1 3 10 5 TU) was injected directly into the left ventricular wall through left thoracotomy (5 injections in anterolateral area, each 20 mL, total volume, 100 mL), 16 and 3 days or 14 days later, the hearts were harvested and embedded into optimum cutting temperature (OCT) compound (Sakura Finetek, Torrance, Calif), as described in the section ''Histologic Examination.'' Visualization of green fluorescence under light microscopy was used to determine the persistence of transgene expression (n ¼ 3 per each group).
Rat Coronary Artery Ligation Myocardial Infarction Model
Myocardial infarction was created in adult male Sprague-Dawley rats (n ¼ 36) by coronary artery ligation 16 via the use of protocols approved by the Baylor College of Medicine Institutional Animal Care and Use Committee. Four animals (11%) died after the coronary ligation. Three weeks after coronary ligation and direct myocardial administration of Ad-vascular endothelial growth factor (VEGF; 1 3 10 9 pu), a cocktail of Ad or lentiviruses encoding Gata4, Mef2c, or Tbx5 (AdGMT or LentiGMT, respectively), or AdNull (1 3 10 9 pu for AdGMT and AdNull, 1 3 10 5 TU for LentiGMT) was administered by direct myocardial injection, as previously described. 16 The rats were euthanized 4 weeks later by deep (4%) isoflurane anesthesia followed by exsanguination, consistent with the guidelines of the American Veterinary Medical Association.
Echocardiography
Echocardiography was performed under light anesthesia with 3% isoflurane using a Veno 770 Imaging System (VisualSonics, Inc, Toronto, Canada). 16 Echocardiographic images were obtained in the parasternal long-axis and short-axis views at specified points by investigators who were unaware of the treatment groups. The left ventricular end-systolic and end-diastolic diameters were measured from the M-mode tracings. The change in the ejection fraction (EF) from baseline (day 21; immediately before reprogramming vector administration) to the final evaluation time point 4 weeks later (day 49) was calculated as: ([EF at day 49] À [EF at day 21])/(EF at day 21).
Magnetic Resonance Imaging (MRI)
For MRI analyses, rats were sedated with 2% to 3% isoflurane and placed in a specially built holder insertable within the MR resonator and incorporating an animal telemetry (SA Instruments, Stony Brook, NY). MRIs were acquired with a 9.4 T, Bruker Avance III Biospec Spectrometer, 21-cm bore horizontal scanner with a 72-mm volume resonator (Bruker Bio Spin Corp, Billerica, Mass). Gated images were acquired at end-diastole and end-systole by the use of Intragate (Bruker BioSpin Corp, Billerica, Mass). Multislice axial scans were used to visualize the left and right ventricles and volumes analyzed with image processing software (Osirix, Bernex, Switzerland) to summate left and right ventricular space pixels and the known volume size of each pixel.
Histologic Examination
Rat hearts were prepared for histologic analysis as previously described. 16 Infarct fibrosis was assessed using Masson trichrome staining of 7 sections per animal (n ¼ 5 per group). The fibrotic area (blue) and the nonfibrotic region (red) were outlined in a blinded fashion with Adobe Photoshop Elements 9 software (Adobe, San Jose, Calif) and then quantified with MATLAB and Simulink software (MathWorks, Inc, Natick, Mass). The ventricular fibrosis percentage was calculated as: ([blue pixels/ {blue þ red pixels}] 3 100).
For cardiomyocyte marker assays, one section per animal was stained with a primary antibody against beta myosin heavy chain 7 (anti-MYH7; Sigma-Aldrich, St. Louis, Mo) and then incubated with a secondary immunoglobulin G antibody. Three randomly selected microscopic fields per slide (at the center of the infarction zone, and in the mid areas between the center of infarction and the border zone [left and right]) were viewed at 2003 magnification and graded semiquantitatively to determine MYH7 þ cell density. ''High'' MYH7 cell density was quantified based on the percentage of examined microscopic fields demonstrating at least 50% occupancy by cells stained for MYH7, as we have previously described. 16 For immunofluorescence analysis, the heart was perfused with heparin (5000 U/mL) containing phosphate-buffered saline, sectioned as noted previously, and then immediately placed in OCT compound (Sakura Finetek); or snap frozen for GFP injection group. For cTnT and vimentin staining, hearts were perfused with the aforementioned buffer and then with 4% paraformaldehyde. After the hearts were excised, they were immersed in 30% sucrose solution, followed by overnight incubation at 4 C, and then frozen. 29 Frozen sections (5 mm) were prepared from the OCT-embedded tissues. The slides were fixed and permeabilized in BD Cytofix/Cytoperm solution (BD Biosciences), then washed with BD Perm/Wash buffer 3 times and blocked with 10% donkey serum for 1 hour at room temperature. cTnT and vimentin (Abcam) primary antibodies were incubated overnight at 4 C, followed by 3 washes, and then probed with fluorescent labeled secondary antibodies for 1 hour at room temperature. The slides were mounted with Dako Fluorescence Mounting Medium (Dako North America, Carpinteria, Calif) and observed with a Leica SP5 confocal microscope and LAS AF lite software (both from Leica Biosystems, Richmond, Ill).
Statistical Analysis
Statistical analysis was performed with SAS, version 9.2 (SAS Institute, Inc, Cary, NC). Data are presented as the mean AE standard error of the mean, unless otherwise indicated. The normality of the data was first examined with a Shapiro-Wilk test. If the data had normal distribution, analysis of variance was used. If the data did not meet normality assumption, a Kruskal-Wallis test was used. MYH7-positive cell comparison was performed with the Fisher exact test. For the mean of the change in EF for each rat from the interval from the second surgery to assessment 4 weeks later, a Kruskal-Wallis test was carried out, followed by Bonferroni correction for Wilcoxon rank test.
A power analysis was conducted to determine appropriate animal sample size. On the basis of our previous experiments, 16, 17 total sample size was calculated as 30 for 3 groups, assuming a group standard deviation of 10, alpha of 0.05, and nominal power of 80%. Because we anticipated mortality as about 15%, we enrolled a total of 36 animals.
RESULTS
Reprogramming Vector Validation Studies
The competency of Ad vectors to induce the expression of Gata4 (G), Mef2c (M), and Tbx5 (T) in vitro was confirmed by Western analysis, which demonstrated GMT expression equivalent to that yielded by lentiviral vectors (Figure 1 ). The ability of these vectors to generate iCMs from cardiac fibroblasts in vitro was validated by detection of the cardiomyocyte-specific markers cTnT and a-sarcomeric actinin, which were detected at approximately equivalent levels of expression by immunocytochemistry 14 days after AdGMT or LentiGMT transduction ( Figure 2 ). These cardiomyocyte markers were not detected after cardiac fibroblast infection with AdNull. Consistent with these findings, FACS analysis demonstrated significantly increased cTnT expression after cardiac fibroblast treatment with AdGMT and LentiGMT compared with treatment with an AdNull control vector (6.9% AE 0.7% and 5.9% AE 0.6% vs 0.6% AE 0.1%, respectively, both P <.05) ( Figure E2) .
Validation of the activity of our adenoviral and lentivirus vector constructs was further confirmed by detecting upregulation of the expression of Gata4, Mef2c, or Tbx5 in vivo after the administration of relevant vectors in our coronary ligation model. Expression levels of these were measured at those time points corresponding to peak expression for each vector; namely, at 3 days postadministration for Ad and at the time of terminal myocardial sampling 4 weeks after vector administration for lentivirus ( Figure E3 ).
Persistence of Ad-Infected Cells in Vivo
To evaluate the persistence of Ad-infected myocardial cells in vivo, Ad or lentivirus vectors encoding the marker gene GFP were administered into na€ ıve (nonligated) rat hearts. The number of cells expressing GFP was significantly greater 3 days after AdGFP versus LentiGFP administration (Figure 3, A) , consistent with the known expression profiles of these 2 vectors. An equivalent number of cells expressed GFP 14 days after AdGFP versus LentiGFP administration, which represented a significant decrease in GFP expression at 14 days versus 3 days after AdGFP administration (Figure 3, B) .
Histologic Assessment of iCM Generation
The extent of postinfarct left ventricular fibrosis measured as a percentage of the left ventricular wall area was decreased in hearts 4 weeks after AdGMT compared with AdNull administration (6% AE 1% vs 111% AE 3%, respectively; Figure E4 ), although this difference did not reach statistical significance. Nearly half of all randomly selected microscopic fields selected from this infarction area demonstrated a high density of cells (>50% of the microscopic field) expressing the cardiomyocyte marker MYH7 after treatment of infarcted myocardium with AdGMT in our coronary ligation model (Figure 4 ). In comparison, none of the sections of hearts administered AdNull demonstrated a high density of cells expressing MYH7. LentiGMT-treated animals appeared to have fewer fields with high MYH7 þ cell density compared with AdGMT-treated animals.
As further evidence of iCM generation in vivo, cells expressing both the cardiomyocyte marker cTnT and the fibroblast marker vimentin were identified in both AdGMT-and LentiGMT-treated hearts, suggesting the fibroblast origin of these MYH7 positive (iCM) cells ( Figure 5 ). Such dually staining cells were not found in AdNull-treated hearts.
Improvement in Ventricular Function After GMT Administration
Echocardiographic analyses performed before and immediately after coronary artery ligation demonstrated that EF was reduced by $25% from baseline values after coronary ligation (Figure 6, A) . This decrease in cardiac function persisted 3 weeks later, at the time of AdGMT, LentiGMT, or AdNull administration. The mean EF 4 weeks after AdGMT, LentiGMT, or AdNull administration, as measured by echocardiography and MRI, was greatest for animals receiving AdGMT (Table 1, Figure 7 ), although differences between groups did not achieve statistical significance as absolute values. The mean change in EF from the time of reprogramming factor administration to FIGURE 1. In vitro validation of vector expression. A, Western analysis for expression of Gata4, Mef2c, and Tbx5 after infection of adult rat cardiac fibroblasts with AdGMT or LentiGMT, as described in the Methods. Equivalent expression of Gata4, Mef2c, and Tbx5 is demonstrated by the AdGMT versus the LentiGMT vector (n ¼ 3 per group). B, Quantitative analyses for Gata4, Mef2C, and Tbx5 protein expression treated with Lenti-GMT and Ad-GMT viruses. *P <.05 versus uninfected. LentiGMT signifies 3 singlets, LentiGata4, LentiMef2c, and LentiTbx5, and AdGMT signifies 3 singlets, AdGata4, AdMef2c, and AdTbx5. LentiGMT, Cocktail of lentivirus vectors expressing gata4, Mef2c, or Tbx5; AdGMT, cocktail of adenovirus vectors expressing Gata4, Mef2c, or Tbx5. the time of final analysis 4 weeks later was significantly greater (P < .05) after AdGMT and LentiGMT versus AdNull administration (21% AE 3% vs 14% AE 5% and À0.4% AE 2%, respectively; Figure 6 , B).
DISCUSSION
The present study demonstrates that cardiac cellular transdifferentiation and the generation of iCMs induced by Ad-mediated transfer of the reprogramming factors Gata4, Mef2c, and Tbx5 are associated with enhancement of postinfarction ventricular function in vivo. The use of Ad as a gene transfer vector has been shown in a wide variety of clinical trials to be well tolerated and effective in inserting transgenes of interest into host cells to induce these cells to express a secreted protein product as a therapeutic ''drug.'' 30 The use of gene transfer vectors for the purpose of cellular reprogramming differs significantly, however, from previous gene transfer strategies in that the host cell itself (the induced cardiomyocyte), rather than its secreted protein products, is thought to represent the therapeutic effector. In this context, the data from the current study are intriguing, especially in that they suggest a possible contradiction to long-held (but, to our knowledge, unproven) beliefs that immunity-mediated cytolytic elimination of Ad-infected cells by the host represents an important mechanism responsible for the transient duration of Ad transgene expression. 24, 25, 31 Our observation of diminished but persistent cellular expression of the marker gene GFP at least 2 weeks after Ad vector administration is consistent with this premise and suggests that mechanisms other than host cell cytolysis, for example, innate cell immunity, may be responsible for the extinction of Ad transgene expression activity.
The ability of Ad and lentivirus vectors to overexpress the GMT transgenes in vitro and in vivo, as validated in the current study, is consistent with our previous reports describing the in vitro and myocardial expression LentiGMT signifies 3 singlets, LentiGata4, LentiMef2c, and LentiTbx5, and AdGMT signifies 3 singlets, AdGata4, AdMef2c, and AdTbx5. AdGMT, Cocktail of adenovirus vectors expressing Gata4, Mef2c, or Tbx5; LentiGMT, cocktail of lentivirus vectors expressing gata4, Mef2c, or Tbx5; AdNull, adenoviral vector that does not encode a transgene.
profiles of these vectors. 16, 17, 32 Direct, ''head-to-head'' comparisons of transgene expression yielded by these 2 vectors are precluded by the different expression profiles of these vectors (ie, acute, early peaking expression with Ad; sustained, late peaking expression with lentivirus). Nevertheless, both the expression data reported and the significant changes in infarct morphology and myocardial function after both lentiviral and adenoviral mediated transfer of GMT in our coronary ligation model support the in vivo efficacy of these vectors in inducing cellular reprogramming.
The increased infarct cardiomyocyte density and improvements in hemodynamic function that were observed well beyond the 1-to 2-week transgene expression interval classically associated with Ad vectors also reconfirm previous data suggesting that reprogramming factors need be present for only a limited duration of time-not more than several weeks-to induce sustained cellular transdifferentiation. 1, 23, 31 The relative absence of such factors in mature cardiomyocytes after initial embryonic development and the reported effects of residual reprogramming gene expression in preventing the developmental competence of iPS cells further suggest that unnecessarily prolonged cell exposure to reprogramming factors confers no advantage in cell differentiation. 33 In the context of the favorable hemodynamic effects provided by adenoviral compared with lentivirusmediated reprogramming factor delivery in the present study, the transient reprogramming conferred by Ad vectors might thus provide a beneficial, more ''natural'' recapitulation of native developmental processes compared with the prolonged reprogramming factor exposure provided by chronic expression vectors. These considerations are further supported by the potential host cell mutagenesis and oncogenicity risks associated with the host cell genome integration by virtue of which previously tested (retrovirus and lentivirus) chronic expression vectors induce prolonged transgene expression. 21, 22 Given the potential benefits of the use of Ad vectors, we plan long-term studies to further test both the persistence of the Ad genome and the sustainability of Ad-mediated cardiac cellular reprogramming in the context of diminished Ad transgene expression. FIGURE 5 . iCM detection after GMT treatment in vivo. Immunofluorescent staining of infarct zones for the cardiomyocyte marker cTnT (green), the fibroblast marker vimentin (red), and the nuclear stain DAPI (blue) was performed after treatment of infarcted myocardium in vivo with AdGMT, LentiGMT, or AdNull, as described in the Methods. Photomicrographs depict cells expressing both cTnT and vimentin after AdGMT and LentiGMT treatment (yellow), suggesting the fibroblast origin of these cTnT-positive (iCM) cells. Coexpression of cTnT and vimentin was not detected in AdNull-treated hearts. Boxed area indicates region of greater magnification (n ¼ 2 per group). LentiGMT signifies 3 singlets, LentiGata4, LentiMef2c, and LentiTbx5, and AdGMT signifies 3 singlets, AdGata4, AdMef2c, and AdTbx5. cTnT, Cardiac troponin; DAPI, 4 0 ,6-diamidino-2-phenylindole; AdGMT, cocktail of adenovirus vectors expressing Gata4, Mef2c, or Tbx5; LentiGMT, cocktail of lentivirus vectors expressing gata4, Mef2c, or Tbx5; AdNull, adenoviral vector that does not encode a transgene.
FIGURE 6. Improvements in ventricular function after administration of reprogramming factors in vivo. A, Global ejection fraction at specified time points for each animal obtained from echocardiographic studies performed, as described in the Methods, immediately before (pre-op) and 3 days after (post-op) coronary ligation and administration of AdVEGF, and immediately before (pre-second op) and 4 weeks after (pre-euthanasia) the administration of
In the context of these encouraging data regarding Ad-mediated cellular reprogramming, the widely held belief that Ad vector delivery will lead to systemic toxicity and reduced vector transduction must be considered. Little-to-no evidence of such toxicity actually exists, however, in the great many clinical trials that have used Ad vectors during the past 2 decades, including our own. [34] [35] [36] This may be especially true for delivery such as in the current application using local administration, wherein vector cell entry occurs well before systemic immunity can develop. Although we did not observe any myocardial inflammation or other adverse effects in rats that had received Ad, additional studies to clarify immunologic response are underway.
Abundant evidence from multiple previous in vitro and in vivo transgenic lineage-tracing murine studies supports our conclusion that the in situ reprogramming of cardiac fibroblasts into iCMs in regions of myocardial infarction is the basis of the improvements in hemodynamic function that we have observed in the postinfarct setting. [1] [2] [3] [4] [5] [6] [7] [9] [10] [11] [12] [13] [14] [15] It is possible, however, that the in vivo improvements in postinfarct cardiac function observed in the current and previous studies are at least partially attributable to as-yet unidentified effects of reprogramming factors. For example, ''bystander'' effects on native cardiomyocytes could be produced through the ability of Ad vectors to infect both replicative (fibroblast) cells and nonreplicative (cardiomyocyte) cells.
Relative to mechanisms of action potentially responsible for our observed outcomes, it is important to note that the current studies include the administration of an Ad vector encoding VEGF at the time of coronary ligation to ''prevascularize'' the area of myocardial infarction before the administration of reprogramming vectors. This strategy is based on our previous demonstration that angiogenic pretreatment increases the observed density of implanted stem cells and/or iCMs and improved the hemodynamic outcomes in these studies. 16, 32 This is presumed to be attributable to the creation of a less ischemic milieu that better supports the survival of cardiomyocyte-like cells possessing greater metabolic rates and oxygen demands compared to resident scar fibroblasts. As in our previous studies, 16, 17, 32 the absence of improved outcomes in the AdNull group in the current study allows us to ascribe these outcomes to the effects of reprogramming vector administration, rather than to any promiscuous effect of VEGF alone.
One limitation of the present study was our inability to reliably quantify MYH7 þ cell numbers, particularly in the LentiGMT, although we have been able to do so previously. 16 We were able to discern clear differences between the AdGMT and AdNull groups in MYH7 þ cell density and have thus limited our reporting to semiquantitative description of these findings. Another limitation is the absence of lack of definitive evidence of the presumed fibroblast origin of the MYH7 þ ''iCMs'' we report in this study. In the absence of a readily available transgenic tag for such cells in the rat model, this conclusion is supported by the presence of dual vimentin/cTnT positive cells ( Figure 5 ). We will be undertaking additional investigations to identify gap junction with connexin 43 and other markers of functional maturity in reprogrammed cells to further define this process.
In summary, the present study demonstrates that adenoviral vector encoding GMT can improve cardiac function after myocardial infarction in the rat heart. These findings suggest that adenoviral GMT administration is a potentially useful approach for the treatment of patients with heart failure after myocardial infarction.
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AdGMT, LentiGMT, or AdNull (AdGMT; n ¼ 11, LentiGMT; n ¼ 10; AdNull; n ¼ 10). Mean and standard deviation for ejection fraction 4 weeks after AdGMT, LentiGMT, and AdNull administration are depicted at right. B, Change in ejection fraction from the time of AdGMT, LentiGMT, and AdNull administration (3 weeks postcoronary ligation) to the time of follow-up echocardiography 4 weeks later (7 weeks after the coronary artery ligation). *P <.05; **P <.01. LentiGMT signifies 3 singlets, LentiGata4, LentiMef2c, and LentiTbx5, and AdGMT signifies 3 singlets, AdGata4, AdMef2c, and AdTbx5. AdGMT, Cocktail of adenovirus vectors expressing Gata4, Mef2c, or Tbx5; LentiGMT, cocktail of lentivirus vectors expressing gata4, Mef2c, or Tbx5; AdNull, adenoviral vector that does not encode a transgene. 
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